resulted in the isolation of a new cyclobutane lignan endiandrin B (1), together with the known natural products, endiandrin A (2), and (-)-dihydroguaiaretic acid (3) . The structure of 1 was determined by extensive spectroscopic analyses, and confirmed by single crystal X-ray crystallography. Methylation of 1 using diazomethane afforded the previously reported natural product, cinbalansan (4) . All compounds were evaluated for their cytotoxicity towards human lung carcinoma cells (A549) using high-content screening. (-)-Dihydroguaiaretic acid (3) was found to be the most potent cytotoxin against the A549 lung carcinoma cell line, with an IC 50 value of 7.49 µM.
Introduction
The plant family Lauraceae has been the source of over 200 natural products, however only a small number of these secondary metabolites have had any bioactivity reported.
1 Examples of bioactive Lauraceae compounds include the antibacterial agent launobine, 2, 3 the antiviral cryptopleurine, 4, 5 and the bisbenzylisoquinoline antimalarial dehatrine. 6 The plant genus Endiandra, which belongs to the family Lauraceae, has rarely been studied for its chemical composition and prior to 2007 only five compounds had been isolated from this genus. 1 During 2007 we reported the bioassay-guided fractionation of the DCM extract from the roots of Endiandra anthropophagorum that resulted in the isolation of a new cyclobutane lignan, endiandrin A (2), along with previously reported natural products nectandrin B (5) and (-)-dihydroguaiaretic acid (3) (Fig. 1) . 7 These three lignans were shown to display glucocorticoid receptor (GR) binding activity with IC 50 values of 0.9 (2), 27 (5) and 35 µM (3), respectively. 7 Recollection of this plant sample has enabled us to further investigate the chemistry of this rainforest species, as well as obtain several lignan natural products in sufficient quantities for cytotoxicity evaluations. Herein we report the isolation and structure elucidation of a new cyclobutane lignan that we have named endiandrin B (1). The cytotoxicity of endiandrins A (2) and B (1), (-)-dihydroguaiaretic acid (3), and cinbalansan (4) against human lung carcinoma cells (A549) determined using high-content screening, is also reported.
Results and discussion
The air-dried and ground roots of E. anthropophagorum were extracted with DCM and the resulting lipophilic material was partitioned between aq. MeOH and hexanes. The polar material was fractionated on a diol bonded silica flash column using a hexanes/EtOAc gradient. Further purification of a lignan enriched fraction using diol bonded silica HPLC (i-PrOH/hexanes) yielded (-)-dihydroguaiaretic acid (3, 25.7 mg, 0.010% dry wt), endiandrin A (2, 75.8 mg, 0.030% dry wt), and endiandrin B (1, 7.1 mg, 0.0028% dry wt). Due to our interest in natural products that exhibit anticancer activity, 14 detailed profiling of the cytotoxic properties of compounds 1-4 against the lung carcinoma cell line, A549, was determined using a high-content imaging system [Opera™ (PerkinElmer)]. The Opera™ was utilised due to its ability to simultaneously capture and quantify confocal images to measure an array of cellular changes. Several fluorescent markers were employed to investigate changes to nuclear morphology, and membrane permeability, which both undergo significant changes during cell death. Nuclear morphology was visualized using the DNA/RNA binding dyes DRAQ5, YO-PRO-1, propidium iodide and Hoechst 34580. DRAQ5 and Hoechst are both cell permeable dyes and therefore stain all cells, however YO-PRO-1 and propidium iodide are membrane impermeable.
Thus, only during the late stages of apoptosis, or programmed cell death, as the permeability of the cell membrane increases, does nuclear staining with YO-PRO-1 occur. Propidium iodide, however, remains cell impermeable until cell death has occurred. Cells were also labeled with Mitotracker
Red and phalloidin, which label the mitochondria 15 or actin cytoskeleton, 16 respectively. The mitotracker dye is sequestered by functioning mitochondria with the level of staining dependant on mitochondrial membrane potential. 15 Mitochondria have been shown to undergo major changes in their structure and function early on in the apoptotic process. 17, 18 Thus, using these markers in correlation with the Opera™ high-throughput imaging system we are able to measure the effect of compounds on multiple stages within the cytotoxicity pathway. In the HCS assays (-)-dihydroguaiaretic acid (3) was found to be the most potent, displaying cytotoxicity towards the A549 cell line with an IC 50 value of 7.49 µM after 24 h incubation in both the propidium iodide and YO-PRO-1 assays (Fig. 3) . This effect was less pronounced in the mitotracker assay with (-)-dihydroguaiaretic acid found to have an IC 50 of 31.2 µM. Endiandrins A (2) and B (1) were found to have a moderate effect on all three assays giving an inhibition of 76% and 75% at 100 µM, respectively. Cinbalansan (4) was found to have a very minor effect in the three assays, giving a maximum inhibition of 34%, however, as can be seen from the qualitative data, cinbalansan did have an effect on the uptake of the mitotracker dye (Fig. 4) . This may indicate early stages of apoptosis, however further work would be required to determine the exact mechanism of action.
Conclusion
In conclusion this paper describes the isolation and structure elucidation of the new cyclobutane lignan, endiandrin B (1), along with the cytotoxicity data for endiandrins A (2) and B
(1), (-)-dihydroguaiaretic acid (3), and cinbalansan (4) 
Experimental

General methods
Optical rotations were recorded on a Jasco P-1020 polarimeter. UV and IR spectra were recorded on a Camspec M501 spectrophotometer and a Bruker Tensor 27 spectrometer, respectively. NMR spectra were recorded at 30 o C on either a Varian 500 MHz or 600 MHz Unity INOVA spectrometer. The latter spectrometer was equipped with a triple resonance cold probe. Millipore Milli-Q PF filtered. All synthetic reagents were purchased from Sigma-Aldrich.
Biological material
The roots of E. anthropophagorum were collected at State Forest 143, Mt Lewis, Queensland, Australia during 2005. A voucher sample (AQ603481) has been lodged at the Queensland Herbarium, Brisbane, Australia.
Extraction and isolation
The air-dried and ground roots of E. anthropophagorum (250 g) were exhaustively extracted with DCM (3 × 1 L). The solvent was evaporated to yield a dark brown residue (1.23 g) that was dissolved in 10% aq. MeOH (250 mL) then extracted with hexanes (3 × 250 mL). The aq. MeOH layer was evaporated to dryness (0.7 g) then pre-adsorbed to diol-bonded silica (~7 g). The preabsorbed material was loaded onto a diol-bonded silica flash column and a 10% stepwise gradient from 100% hexanes to 100% EtOAc was performed (100 mL washes). The 40% EtOAc / 60 % hexanes flush contained a complex mixture of lignans (387 mg) that was further separated by diol semi-preparative HPLC chromatography. A linear gradient from 100% hexanes to 15% i-PrOH / 85 % hexanes was run at a flowrate of 9 mL/min over 60 min, 120 (0.5 min each) fractions were collected. Fractions 62-65 contained (-)-dihydroguaiaretic acid (3, 25.7 mg, 0.010% dry wt), fractions 68-70 yielded endiandrin A (2, 75.8 mg, 0.030% yield), and fraction 74 afforded endiandrin B (1, 7.1 mg, 0.0028% dry wt). 
Endiandrin B (1).
X-ray data for endiandrin B (1)
Diffraction data was collected on a crystal of 1 at 295 K on a Rigaku AFC7R rotating anode 
Methylation of endiandrin B (1)
Endiandrin B (3.0 mg, 9.1 µmol) was dissolved in dry MeOH (1.5 mL) and Et 2 O (1.5 mL) then treated with excess CH 2 N 2 -Et 2 O at 0 °C for 1 h. The reaction was allowed to warm to rt overnight and the resulting residue was pre-adsorbed to C18 (~1 g), packed into stainless steel cartridge (10 × 30 mm) then attached to a C 18 semi-preparative HPLC column. A linear gradient from 100% H 2 O to 100% MeOH over 50 min was run at a flowrate of 9 mL/min, isocratic conditions of 100%
MeOH were maintained for a further 10 min at a flowrate of 9 mL/min. Sixty (1 min) fractions were collected from time = 0 min. Fraction 49 contained a compound that was spectroscopically identical to the known cyclobutane, cinbalansan (4, 2.4 mg, 74% yield). Cytotoxicity was quantified using the Acapella™ analysis software. Firstly, cell nuclei were detected using the Opera Nuclear Detection Library. This algorithm was used to detect nuclei (S4a-supplementary data) stained with DRAQ5 or Hoechst using the parameters of minimum nuclear area, nuclear intensity and minimum nuclear distance (the minimum distance between two nuclear centers). Based on these identified nuclei the fluorescence was detected within the nuclei itself (S4b-supplementary data), for YO-PRO-1 and propidium iodide staining, or in a 2-pixel wide band around the nucleus (S4c-supplementary data) for mitochondrial staining. 
